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© Rate and A-V delay generator for heart pacemaker. 

© A pacemaker pulse generator for producing timing 
signals for atrial stimulation on line 71 and ventricular 
stimulation on fine 60 comprises a ramp generator 30. 39 and 
a reference voltage generator 15. 21. 23. 23. 24. When the 
ramp voltage 40 reaches the reference voltage 25. compara- 
tor 42 resets ramp generator 30 via transistors 40 and 53 and 
produces a ventricular timing signal Potentiometer 22 
adjusts the reference vottage and hence ventricular rate. 

The forward voltage drop of diode 62 produces a toted 
offset voltage from ramp 40 and a variable portion of the 
offset b picked off by potentiometer 61 to produce a second 
lofts et) ramp on line 67. When the offset ramp 67 reaches the 
5 reference vottage 25. comparator 70 produces the atrial 
timing signal 71. Varying potentiometer 61 varies the A-V 
. delay between signals 71 and 00 Independently of the 
Li ventricular rate. 

5 In a demand-type pacemaker, the ramp generator may 
be reset by a sensed natural heartbeat supplied by a sense 
js, amplifier to terminal 80. 
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Rate and A-V Delay Generator for Heart Pacemaker 

Technical Field of the Invention 
The present invention pertains to the field of arti- 
ficial heart pacemakers, and more particularly to generating 
5 circuits for providing the timing pulses for atrial and ven- 
tricular stimulation pulses in an A trial-Ventricular (A-V) 
sequential pacemaker. More specifically, the present; invention 
pertains to an improved rate and . A-V timing generator that 
permits rate and A~V delay interval to be independently ad- 
10 justed by their own separate controls, which controls have no 
substantial interaction with each other. 

Background of the Prior Art 
It is generally necessary to provide some means for 
adjusting the pacing rate in an artificial heart pacemaker so 
15 as to tailor the operation of the device to the needs of the 
patient. In the case of an A-V sequential pacemaker, it is 
also generally necessary to provide some means for adjusting 
.the delay interval between the atrial and ventricular stimula- 
tion pulses. Implantable pacemakers present their ov-n problems 
20 in achieving these adjustment functions, and numerous tech- 
niques have been developed in the prior art to meet these 
needs. In the case of external heart pacemakers, in which the 
generating and control circuitry is in a device external of the 
body connected by electrode leads which pass through the skin 
25 to the patient's heart, control of pacing rate, A-V delay and 
possibly other operating parameters is generally accomplished by 
control knobs on the front panel of the device. Through the 
use of these controls the physician can adjust the timing 
parameters of the "pacemaker to meet the patient's needs. 
30 However, external A-V sequential pacemakers in the prior art 
are subject to certain unwanted interactions between the con- 
trol for rate and the control for A-V delay, in that changing 
the control knob setting for one control not only changes the 
intended timing function, but also causes an unwanted change in 
35 the other parameter. 

It has long been recognized in the prior art that the 
basic heart beat rate to be maintained by an A-V pacemaker must 
be with reference to the ventricular beats, either spontaneous 
or stimulated, and not by reference to the atrial stimulation: 
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The present invention solves these and other problems 
by, providing an improved rate and A-V delay generator in which 
the separate controls for ventricular rate and A-V delay inter- 
val are independent and have no unwanted couplings or interfer- 
ences with each other's operation. This permits the physician 
to operate one control knob to vary .the rate, while having no 
effect upon the A-V delay interval and to adjust the delay 
knob to control the A-V delay while having no effect upon the 
basic ventricular rate. The independence of these controls 
results in quicker and easier adjustments by the physician with 
less chance of error. This independent adjustment feature is 
achieved accurately, efficiently, and without the cost and 
accuracy problems associated with matched potentiometers. 
Summary of the Invention 
The present invention provides an improved generating 
circuit for producing atrial and ventricular timing signals for 
a pacemaker with independent control of ventricular rate and 
atrial-ventricular delay. The invention includes means for 
generating a voltage ramp signal, means for providing a refer- 
ence voltage, and voltage comparison means for producing an 
output signal when the ramp voltage reaches the reference 
voltage. Voltage offset means are provided to receive the 
voltage ramp signal and produce a second voltage ramp signal 
which parallels and leads the first ramp signal by an offset 
voltage difference. A second voltage comparison means compares 
the second voltage ramp to the reference voltage and provides a 
second output signal which is spaced in time from said first 
output signal by an amount depending on the amount of the 
offset voltage. Alternatively, the first voltage ramp can be 
applied to both comparators, and the voltage offr.et means can 
be connected to the reference voltage to provide a second 
reference voltage which differs from the first reference vol- 
tage by the offset amount. This second reference voltage can 
then be applied to the second voltage comparison means. In 
either case, means are provided for adjusting the amount of the 
offset voltage, whereby the earlier and later of said output 
signals, respectively, provide atrial and ventricular timing 
signals, and whereby the ventricular rate may be controlled by 
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adjusting the relationship of the reference voltage and I the 
firs t voltage ramp signal, and the atrial -ventricular delay «tf 
L independently controlled by adjusting the amount of the 
o£fse t voltage.^ ^ ^ ^ veltage 

offs et means includes a diode network connected to provide , . 

• ,. drop as the offset voltage, and a vari- 

predetermined voltage drop as «. plpct 
Ll. resistor in parallel therewith can be provided to select 
„ adjustable portion of the voltage drop. In a preferred 
embodiment, an additional Zener diode is included xn the net- 
work to stabilize the predetermined voltage drop. 

Brief Description of t he Drawings 
Figure 1 shows an electrical schematic diagram of the 
i <; ^referred embodiment of the invention; and 

Figure 2 shows pertinent waveforms illustrating the 
operation of the circuit of Figure 1. 
Det ailgd_pes«iEtio B of the Preferred Embodiments 

1„ the circuitry shown in Figure 1. conductor 10 is. 

intended for connection to t*e battery or other power source of 
the pacemaker, but this battery or power source is not shown in 
Figure 1. Conductor 10 connects to resistor 11. the other side 
of which connects to capacitor 12, the cathode of Zener diode 
13 and resistor 14. The anode of diode 13 and the other side 
of' capacitor 12 are connected to signal ground. The other side 
of resistor 14 connects to the non-inverting input of an oper- 
ational amplifier 15. A diode 16 also connects from this input 
to signal ground. The output of operational amplifier 15 is 
connected to conductor 20. A potentiometer 17 connects from 
conductor 20 to signal ground, and the variable terminal of 
potentiometer 17 connects to the inverting input M operational 
amplifier 15. Operational amplifier 15 and ...related compo- 
nents provide a reference voltage on conductor 20 as is des- 
cribed more fully hereinafter. 

potentiometers 21, 22, and 23 are connected m series 
between conductor 20 and signal ground to form ^variable 
voltage divider. The variable tap or potentiometer ~ an- &-s 
upP er end in Figure 1 are connected to a branch of conductor 
.20. so that potentiometer 21 provides a trimmer adjustment 
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function. In similar fashion, the variable tap of potentiome- 
ter 23 is tied to signal ground together with the lower side of 
potentiometer 23 in Figure 1, to form a trimmer resistor. The 
variable tap of potentiometer 22 connects to a conductor 25, 
and a further potentiometer 2*, used as a trimmer, is connected 
between conductor 25 and the junction between potentiometers 21 
and 22. The variable tap of potentiometer 24 is connected to 
conductor 25 and the variable tap of potentiometer 22. 

Resistor 31 and potentiometer 32 are connected in 
series between conductor 20 and signal ground to form a vari- 
able voltage divider. The variable tap of potentiometer 32 
connects to a pair of resistors 33 and 34. The other side of 
resistor 33 connects to conductor 35, and the other side of 
15 resistor 34 connects to a conductor 36. Conductor 35 connects 
to the inverting input of an operational amplifier 30, and in 
similar manner conductor 36 connects to the non-inverting input 
thereof. A resistor 37 connects from conductor 36 to signal 
ground. A capacitor .38 connects from the output of amplifier 
20 30 to its inverting input at conductor 35. The output of 
amplifier 30 also connects to the non-inverting input of a 
further operational amplifier 39, whose output connects to 
conductor 40. a branch of which feeds back to the inverting 
input of amplifier 39. Amplifier 39 connected in this fashion 
25 serves only as a unity gain amplifier which performs no logical 
or wave shaping function. However, it has been found desirable 
to use amplifier 39 as a buffer amplifier, when amplifier 30 
and the other operational amplifiers in the circuit are starved 
for current. In the preferred embodiment, in order to minimize 
30 battery drain, the operational amplifiers are connected to the 
battery throuab current limiting resistors (not rhovn) so that 
they ooerate at only approximately 30 microamps of current. 
The use of buffer amplifier 39 is desirable in this situation 
in order to eliminate unwanted coupling effects among the 

35 amplifiers. _ 
conductor 40 connects to the non-inverting input or 

an operational amplifier 42, which is operated open loop as a 

voltage comparator. The inverting input of amplifier. 42 is 

connected to a branch of conductor 25. The output of amplifier 
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42 connects to a conductor 43, which in turn connects to resis- „ 
tors 44 and 45. Resistor 44 connects to the base of a PNP 
transistor 46, whose emitter connects to conductor 20, and _ 
vhose collector connects to a resistor 47 and the anode of a 
Schottky diode 50. The cathode of diode 50 connects to a 
branch of conductor 25. The other side of resistor 47 connects ' 
to a conductor 51, and to a resistor 52. the other side of 
which connects to signal ground. 

Conductor 51 connects to the base of a NPN transistor r 

53, whose emitter connects to signal ground, and vhose collec- 
tor connects to conductor 35 at one of the inputs of amplifier 
30. 

An optional output circuit may be connected to con- . 
15 ductor 43 . This optional circuit consists of an NPN transistor . 

54, whose base connects through resistor 45 to conductor 43, f 
whose emitter connects through diode 55 to signal ground, and 
whose collector connects through resistor 56 to the battery or 
other source of power (not shown). An output may be taken from , 
conductor 60, at the collector of transistor 54. 

• A branch of conductor 40 connects to a potentiometer , 
61, the anode of a Schottky diode 62, and the cathode of a , 
Zener diode 63. The anode of diode 63 connects through resis- 
tor 64 to signal ground, and also through resistor 65 to the 
25 cathode of Schottky diode 62 at conductor 68. Potentiometers 
61 and 66 are connected in series between conductor 40 and 
conductor 68. The variable tap of potentiometer 66 is con- 
nected to one end thereof so as to make a resistance trimmer 
control, and the variable tap of potentiometer 61 connects to a 

30 conductor 67. 

An operational amplifier 70, or-erattd o««.;s loop ar. a 
voltage comparator, receives a branch of conductor 2S at its 
non-inverting input, and receives conductor 67 as its inverting 
input. The output of comparator 70 provides an output of the 

35 system at conductor 71. 

A terminal 80 is provided for receiving a pulse from 
the output of the sense amplifier (not shown) of the pacemaker 
if it is a demand-type pacemaker. Terminal 80 connects through 
capacitor 81 to a resistor 82. which also connects to signal 

BAD ORIGINAL 
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' ground, and to the anode of a diode 83. The cathode of this 
diode connects to a branch of conductor .25. 

In operation, amplifier 15 and associated components 
5 provide a reference voltage at conductor 20 which is used by 
the other circuits of Figure 1. Resistor 11 limits the current 
to Zeher diode 13. which establishes a reference voltage. In 
- practice, resistor 11 is chosen high enough to starve 2ener 13 
for current. Capacitor 12 is provided for filtering purposes. 
10 The voltage established by diode 13 is fed through resistor 14 
to diode 16, whose forward bias drop establishes an input 
voltage level for amplifier 15. The feedback voltage is ad- 
justed by potentiometer 17 so that any desired reference output 
voltage., within the capabilities of amplifier 15 and the limi- 
15 tations of the applied battery voltage, can be provided at 
conductor 20. In the preferred embodiment, a stable reference 
voltage of 4 volts is provided at conductor 20. The biasing 
and filtering components just described at the input of ampli- 
fier \S provide" a very stable reference which is independent of 
20 noise or fluctuations in the battery caused by the switching or 
operation of other circuits of the"pacemaker. 

The voltage divider consisting of resistances 21, 22, 
and 23 is used to establish a reference voltage at conductor 
-25. potentiometer 22 is mounted on the front panel, and it is 
25 the rate control for the circuit. Potentiometer 21 is used to 
limit the maximum rate, while potentiometer 23 may be used to 
establish the minimum rate. Potentiometer 24 is used to trim 
the response of potentiometer 22, to provide a desired non- 
linear effect for its operation. The voltage selected by 
30 potentiometer 22 and applied to conductor 25 is used as a 
cciaoariscn voltage for comparators 42 and 70. 

Potentiometer 32 is used to adjust an input current 
to the inverting input of amplifier 30. Except for the reset 
operation described 'below, transistor 53 is normally off, and 
35 the current applied to conductor 35 through resistor 33 must be 
matched by charging current for capacitor 38. providing a 
decreasing ramp voltage as suggested by the waveform at the 
output of amplifier 30 in Figure 1- In other words, the capa- 
citor feedback connection for amplifier 30 provides an inte- 
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arator function in response to the voltage applied from poten- 
tiometer 32. The network including resistors 34 and 37 adjusts 
the gain of the amplifier. Potentiometer 32 adjusts the slope 

5 of the ramp- 

The decreasing ramp voltage from amplifier 30 is 
applied through buffer 39 to the non-inverting input of compar- 
ator 42. initially, this voltage is higher than the voltage at 
conductor 25, resulting in a logical high output at conductor 
10 43. When the voltage on the descending ramp from amplifier 30 
drops below the voltage at conductor 25, comparator 42 changes 
states, as indicated by the waveform at conductor 43. The 
ground or logical low signal at this point turns on transistor 
46, and this in turn results in the application of the refer- 
15 ence voltage from conductor 20 through transistor 46 and diode 
50 to conductor 25, pulling the voltage at conductor 25 up to 
the reference voltage, less the small drops through transistor 
46 and diode 50. A Schottky diode is used at this location 
because of its low forward bias voltage* drop. 
20 The turn on of transistor 46 also causes the turn on 
of transistor 53, causing reset of the voltage ramp generator 
by providing a discharge path for capacitor 38 to ground. As 
this discharge occurs, the voltage at the output of amplifier 
30 rises rapidly in a very short but finite time interval 
25 during the discharge of capacitor 38. This rise continues until 
the voltage waveform at conductor 1*0 exceeds the reference vol- 
tage being applied to conductor 25 through diode 50. During 
the reset interval, the reference voltage applied through diode 
50 overrides the voltage set by potentiometer 22. This voltage 
30 reference again is only a few tenths of a volt lower than the 
reference voltage r.t conductcr 20, znt tyricslly is someirhst 
higher than the voltage that would otherwise be set on conduc- 
tor 25 by potentiometer 22. When the rising waveform at con- 
ductor 40 exceeds the reference voltage at conductor 25, com- 
35 parator 42 again changes state, terminating the reset pulse. 
^ * c- -* - +~k«it> fn*-««^ F£ fitt^n'nn nfr transistor 53 and 

removing the forward bias for diode 50. The voltage at con- 
ductor 25 then returns to that which was set by potentiometer 
22, and amplifier 30 begins another descending ramp waveform. 
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It will thus be seen that the ramp generated by 
' amplifier 30 has a starting voltage determined by the voltage 
reference at conductor 20 (minus voltage drops through tran- 
sistor 46 and diode 50), a lower voltage limit determined by 
the voltage on conductor 25 as determined by the settings of 
the voltage divider that includes potentiometer 22, and a slope 
' in terms of volts per seconds which can be controlled by the 
setting of potentiometer 32. 

While the ramp voltage at conductor 40 is applied to 
comparator 42, the same waveform but minus an offset voltage is 
applied by conductor 67 to comparator 70. The offset voltage 
is provided by Schottky diode 62 and associated components as 
follows. The voltage at conductor 40 appears at conductor 68 
5 minus the forward bias voltage drop of Schottky diode 62, 
•which is approximately 0.3 volt. The waveform at conductor 68 
thus is an image of the waveform at conductor 40, except that 
it is at all times disadvantaged by the forward bias drop of 
diode 68. This drop is relatively constant, and is stabilized 
20 further by the use of Zener diode 63. This is, in the pre- 
ferred embodiment, a 1.8 volt Zener, but it is starved for 
current and is therefore running at a lower voltage. The use 
of this diode helps stabilize the applied voltage and improve 
the accuracy of this portion of the circuit. 
25 The desired portion of the reduced or disadvantaged 

waveform of conductor 68 is selected by adjusting potentiome- 
ters 61 and 66. Potentiometer 61 is a front panel control for 
the atrial-ventricular delay interval. Potentiometer 66 is a 
trimmer used to set the maximum allowed A-V interval. When 
30 potentiometer 61 is set with its variable tap electrically 
closest to conductor 40. the voltage at .conductor £7 will t-_ 
identical to the voltage at conductor 40. As potentiometer 61 
is adjusted away from that position, the voltage at conductor 
67 reflects an increasing amount of the voltage offset or 
35 disadvantage which is provided by diode 62. with the maximum 
offset being provided when potentiometers 61 and 66 are ad- 
justed to obtain the full forward bias voltage drop of diode 
62. 
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The overall operation of the circuit of Figure 1 in 
providing atria! ana ventricuXer tiding pulses for a packer 
is best understood with the aid of the waveforms of Fxgure 2. 
5 The vertical axis represents voltage and the horizontal axis 
"represents time. The various waveforms are identified hy 
rlf rence numbers which are the same as the corr-pond^g 
points in the circuit of Figure. 1 at which the waveforms are 
found. Thus, waveform 40 represents the voltage ramp at con- 

10 ductor 40 of Figure 1, etc. _ 

For the example of Figure 2, assume that the ref- 
erence voltage at conductor 20 is at near 4 volts and po- 
tentiometer 22 has been adjusted to provide a reference of 
approximately 3 volts. During the interval from txme V£Jr 
15 waveform 40 decreases at a uniform rate. Waveform 67 decreases 
at L identical rate, -but waveform 67 is displaced downwardly 
at each point from waveform 40 by the amount of offset provided 
by diode -62, potentiometer 61 and associated components. In 
the example shown, the amount of offset is approximately .25 
20 volts At time t,, voltage waveform 67 decreases below the 

volt reference on conductor 25. causing comparator 70 to change 
states, and at this time, waveform 71 switches to a logxcal 

hl9h ' waveforms 40 and 67 continue on their decreasing ramp 

25 ■ until at time t 2 the voltage at conductor 40 reaches the. refer- 
ence voltage at conductor 25. This causes comparator 42 to 
change states and waveform 43 switches to a logxcal low level. 
1 the same time transistor 46 turns on and the reference 
voltage from conductor 20 is applied through diode 50 to con- 
ductor 25. causing it to jump upward to the reference voltage 
c , , volts ( sanction volte** trustor 46 and 

forward bias voltage drop for diode 50 have been omitted fox- 
clarity). At the same time transistor S3 is ■ «— - ~ 
discharge capacitor 38 and reset generator 30, thxs taking the 
short but finite time interval from t 2 to t 3 - At txme t 

*n caches the reference voltage of 4 volts applxed 
"through diode 50. causing comparator 42 to change states to its 
high logical level, turning off transistors 46 and 53. 
returns the 3 volt reference set by potentiometer 22 to con- 
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ductor 25 thus causing comparator 70 to change states, return- 
ing to a logical lov level at time'V With the turn off of 
transistor S3, the ramp generator is released to begin another 
5 cycle. 

The cycle is thus repeated with waveform 71 again 
changing states at time V waveform 43 changing states at time 
' t . and a new descending ramp again at time t fi . 

The leading edges of the .pulses of waveform 71 pro- 
10 vide the triggering signals for atrial stimulation. The lead- 
ing edges of the pulses on waveform 43 at t 2 , tg may provide 
the triggering signals for ventricular stimulation. Thus, 
logic circuits as are generally known in the art can connect 
from conductors 71 and 60 of Figure 1 to the atrial and ven- 
15 tricular stimulating pulse circuits respectively of the pace- 
maker to provide the necessary atrial and ventricular pulses. 
Alternatively, the trailing edge of the pulse of -waveform 43 
can be used for the ventricular timing pulse, since in practice 
S"\ v and t are very closely spaced compared with the ^-t^ 

20 interval. 3 The width of the pulse on waveform 43 is very nar- 
row, and it has been" somewhat exaggerated in Figure 2 for 
purposes of clarity of explanation. 

Consideration of the circuit of Figure 1 and the 
waveforms of Figure 2 will show the manner in. which independent 
25 adjustment is provided of the A-V delay and the pacing rate, 
referenced from the ventricular output. Adjustment of po- 
tentiometer 22 has the effect of adjustment of the vertical 
position voltage reference 25 (the portion from time t„ to t 2> 
etc.) arid this in turn has the effect of controlling the 
30 horizontal or time occurrence of time t^ which defines the 
ventricular output pulse. Specifically, lowcrinc the- voltag* 
at potentiometer 22 increases the interval, or decreases the 

rate, and vice versa. 

The A-V delay interval defined by t 2 - tj. etc., is 
35 determined solely by the slope of waveforms 40 and 67, which 
are constant and equal, and the offset between these waveforms 
which is controlled by potentiometer 61. As this offset is 
decreased, time tj moves closer to time t, thus narrowing the 
pulse of waveform 71, and reducing A-V delay. Increasing the 
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effect Adjustment of potentiometer 61 
offse t has the ^"^^^ the time or horizontal 
to control the offset has , ao el P independen ce of 

positioning of the events at time t 2 or ^, 

control actions is achieved. pace ,naker 
1„ demand-type pacemakers reset of P 
- „ if a spontaneous beat takes place prior to 

circuit is effeCt ^ o f n a of SP a ° n n output stimulating pulse, Demand- 
the time for generation of an » d to the 

type pacema kers have = -pi rf . ventricular 
R _ wa ve of the «-^»^ , connects to receive a 

depolarization. Terminal 80 Fig ^ generally 

octangular output pulse from a — - ^^J^. 
ta own in the prior art in the ^ ^ by capaci tor 

Ration. This - C - n 7 n 1 ; r re P c \ 1 l S f e i :; by diode S3 to appear as a 
81 .r d t^ntcU ' 2 S OC ^ence of such a spike at any time 

transistor *S and diode 50 ^*^^r^ cycle 
.to the top of it, ; a ^e^ricular depolarization 

20 is initiated. Thus, occurrence of interrupt ^ timing 

at an y time ^*£Z^*^-<" " 81 " 

-? to ^i;^;;;: ;r— -effi i ^ - 

25 rjtag?:; — r P 25 ahove the reference voltage at conduc- 

^ B y vay of example, the circuit component values for a 

7- \ of the invention, designed to operate from 
preferred embodiment of the mvern-j. 

30 a 9 volt battery source are as follows: 

Rll 120Kilohn 

Rl4 22Kilohm 

Rl7 lnegohro potentiometer 

R21 lOOKil ohm potentiometer 

35 R22 70Kilohm potentiometer 

R23 IMegohm potentiui«eter 

R24 SKilohm potentiometer 

^ lOOKilohm 
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R32 
R33 
R34 
R37 
R44 
R45 
R47 
R50 
R52 
R61 
R64 
R65 
R66 
R82 
Capacitors: 

C12 
C38 
. C81.. 
Operational Amplifiers: 
l.SMegohm. 
Transistors: 
46 
53 
54 

Diodes: 

D13 
D16 
B50 
D55 
D62 
D63 
D83 



lOOKilohm potentiometer 

5lKilohm 

24Kilohm 

24Kilohm 

lOKilohm 
2 . 2Megohm 
lOOKilohm 
lOOKilohm 

30Xilohm 

?0Kilohm potentiometer 
200Kilohm 

5 IK il ohm 
200Kilohm potentiometer 
lOOKilohm 

i 

optional, as reguired for filtering 
10 mfd 
.01 mfd 

8021, with current set resistors 



2N2907 
2N3700 
2N3700 



of 



IN4678 
IN4148 
IN5711 
IN4148 

i:!£7i: 

IN467B 
2N4148 

While the preferred embodiment has been shown with a 
negative-going ramp r the invention could of course easily be 
implemented with a positive-going ramp by suitable changes in 
polarities of components. Also, it will be appreciated that 
the invention can also be implemented by applying the ramp 
voltage directly to both voltage comparators, and by connecting 
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show, in "O"™ 11 M " i °" °„L„ r EitMr ™y tl» t»o 
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p,„tors would m«et i« tb, M ««J « t «" 1 ' 

„ou»t of tt. offset jolts*. . to d= ae5cri ptio„. the 

M pointed out rr. the forg » ^ 
p re „„t invention provide. - »P ov* rete^ ^ 

rr an^;r.r.~ — - - - — - b *~ 

Wonted coupling or Lterectfous . 
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CLAIMS 

1. Apparatus for producing atrial and ventricular timing 

signals for a pacemaker with independent control of ventricular 
rate and atrial-ventricular delay, comprising: means for 
generating a voltage ramp signal; means for providing a 
reference voltage; first voltage comparison means connected 
to receive said voltage ramp signal and said reference 
voltage and operative to produce an output signal when 
said voltage ramp signal reaches said reference voltage; 
voltage offset means connected to receive one of said voltage 
ramp signal or said reference voltage and operative to 
produce an offset voltage signal which differs therefrom 
by an offset voltage; second voltage comparison means 
.connected to receive said offset voltage signal and the 
other of said voltage ramp signal or said reference voltage 
and operative to produce another output signal spaced in 
time from said first-mentioned output signal according 
to the amount of said offset voltage, the earlier and 
later of said output signals providing atrial and ventricular 
timing signals, respectively; means for adjusting the 
relationship of said reference voltage and said voltage 
ramp signal, whereby the ventricular rate may be controlled; 
and means for adjusting the amount of said offset voltage, 
whereby the atrial-ventricular delay may be independently 
controlled. 

2. Apparatus according to claim 1 further including 

means responsive to the later of said output signals 

to reset said voltage ramp generating means to recommence 

the voltage ramp signal. 

3. Apparatus according to claim 1 or 2 wherein 

said voltage offset means is connected to receive said 
voltage ramp signal and is operative to produce a second 
voltage ramp signal that parallels and leads said first- 
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9. Apparatus according to claim 8 further including 

a resistor in series with said first diode and a Zener 
diode connected in parallel with the resistor and diode 
to further stabilize said offset voltage. 

10. Apparatus according to claim 8 or 9 wherein 
said first diode comprises a Schottky diode. 

11. Apparatus for producing atrial and ventricular 
timing signals for a pacemaker with independent control 

of ventricular rate and atrial-ventricular delay, comprising: 
means for generating a voltage ramp signal; means for 
providing an adjustable reference voltage; first voltage 
comparison means connected to receive said ramp signal 
and said reference voltage and operative to produce an 
output signal comprising the ventricular timing signal 
when said ramp voltage reaches said reference voltage; 
voltage offset means connected to receive said voltage 
ramp signal and operative in response thereto to produce 
a second voltage ramp signal that parallels and leads 
said first mentioned voltage ramp signal and differs 
therefrom by a predetermined offset voltage; second 
' voltage comparison means connected to receive said 
reference voltage and said second voltage ramp signal 
and operative to produce an output signal comprising the 
atrial timing signal; and means for adjusting the amount 
of said offset voltage whereby the ventricular rate may 
be controlled by adjusting said reference voltage and the 
atrial-ventricular delay may be independently controlled 
by adjusting said offset voltage. 
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